Introduction
============

Many developing countries are currently affected by high rates of overweight that in some cases surpass underweight as a public health nutritional problem. Recent reports showed that, in many developing countries e.g. Bangladesh, Nepal, and India, the prevalence of overweight-obesity in women of reproductive age has risen steadily in the last two decades \[[@B1]\]. In the case of Africa, recent analyses of national data on body mass index (BMI) from women showed that, the prevalence of overweight-obesity exceeded that of underweight \[[@B2]\].

Increasing BMI is associated with increased incidence of pre-eclampsia, gestational hypertension, macrosomia, induction of labor and caesarean delivery \[[@B3]\]. We have recently observed that, both type of malnutrition (underweight and overweight-obesity) were associated with poor pregnancy outcomes in pregnant Sudanese women \[[@B4],[@B5]\]. Generally few data are available concerning epidemiology of obesity during pregnancy in Sub-Saharan Africa and none available for Sudan the largest African country with 40 million populations. Sudan has traditionally been known as to have the highest rates of poverty -and may be underweight in women- worldwide and there has been limited research to investigate how the nutritional status of women has changed during the recent period of economic development following oil industry. Investigating obesity during pregnancy and labour is of paramount importance for care-givers, health planners as well as managing clinicians so as to have fundamental data necessary for intervention. Thus, the current study was conducted to investigate prevalence of underweight, overweight and obesity among term pregnant women in Khartoum teaching hospital, Sudan.

Materials and methods
=====================

The study was conducted during the period of February-April 2008 at Khartoum teaching hospital, Sudan, to investigate prevalence and risk factors for underweight, overweight-obesity among term pregnant women. Khartoum hospital provides tertiary care for women who receive a free antenatal care at the hospital, as well as for referrals from other clinics and hospitals, and for women who live close to the hospital. All women with risk factors or obstetric complications are referred to this hospital. However, the referral criteria are not strictly adhered to and many patients without any significant complications deliver at the hospital. After an informed consent, women with a singleton baby have been approached to participate in the study. A structured questionnaire was administered to each woman to gather information on educational level, age, parity and last menstrual period. The date of the last normal menstrual period was used to determine the gestational age at delivery. However, when the discrepancy between the gestational age determined in this way and the gestational age calculated from ultrasound scanning was greater than 2 week, the ultrasound estimate was preferred. Maternal weight and height were measured and expressed as body mass index (BMI - weight (kg)/height (m) ^2^). BMI was classified as underweight: less than or equal to a BMI of 19.9 Kg/m2. Normal: BMI of 20 - 24.9 Kg/m^2^. Overweight: BMI of 25 - 29.9 Kg/m^2^. Obese: BMI of 30 - 34.9 Kg/m^2^. Morbidly obese: BMI ≥ 35 Kg/m^2^\[[@B6]\]. The group with BMI in the normal range (20 - 24.9 Kg/m^2^) was used as the reference or comparison group for the analysis.

Statistic analysis
------------------

Data were entered into a computer database and SPSS software (SPSS Inc., Chicago, IL, USA) and double checked before analysis.

Means and proportions for the socio-demographic characteristics were compared between the four subgroups of the BMI (underweight, normal, overweight and obese) in study using student t-test, ANOVA and *X*^2^respectively.

Univariate and multivariate analyses were performed, maternal BMI was dichotomized according to the above mentioned subgroups, here obesity (versus those with normal BMI, 20-24.9) was the dependent variable and socio-demographic (age, parity, gestational age, occupation and education) characteristics were independent variables. *P*- value \< 0.05 was considered significant. In case of inconsistency between the results of ANOVA, *X*^2^and the results of multivariate analyses, the later was taken as final.

Ethics
------

The study received ethical clearance from the Research Board at the Faculty of Medicine, University of Khartoum.

Results
=======

Out of 1890, 1690 women had complete data, hence included in these final analyses. Out of these 1690 women, 628 (37.1%) were primigravidae, 926 (54.8%) had ≥ secondary education level (minimum of 8 years) and 1445(85.5%) were housewives. The mean (SD) of the age, parity and gestational age were 27.2 (6.3) years, 2.0 (2.1) and 38.1 (1.8) weeks, respectively.

Out of these 1690 women, 94(5.5%) were underweight, 665(39.3%) had normal weight, 603 (35.6%) were overweight and 328 (19.4%) were obese. Both age and parity were significantly higher in the obese women. Gestational age was not significantly different between these subgroups. Significantly high numbers of obese women had ≥ secondary education level. There was no significant difference in the number of housewives between the BMI subgroups, table [1](#T1){ref-type="table"}.

###### 

Socio-demographic characteristics of the term pregnant women in the different BMI subgroups. \*

  -------------------------------------------------------------------------------------------------------------
  Variables                              Underweight\   Normal weight\   Overweight\   Obese\        *P*
                                         (*N*= 94)      (*N*= 665)       *(N*= 603)    (*N*= 328)    
  -------------------------------------- -------------- ---------------- ------------- ------------- ----------
  Age, years                             24.7(5.8)      26.1(6.4)        27.9(6.0)     30.3 (16.0)   \< 0.001

  Parity                                 1(0-9)         1(0-13)          2.0(0-12)     2.0(0-12)     0.002

                                                                                                     

  Primigravidae                          37(39.4)       291(43.8)        209(34.6)     91(27.7)      \< 0.001

  Gestational age, weeks                 38.3(1.9)      37.9 (2.5)       38.2(2.3)     38.1(1.8)     0.1

  Women\'s education ≥ secondary level   41(43.7)       309(46.5)        363 (60.2)    213 (65.0)    \< 0.001

  Job, housewife                         87(92.5)       588(88.4)        488(80.9)     282(85.9)     0.1
  -------------------------------------------------------------------------------------------------------------

• Data were shown as mean (SD) or number (%) for all variables (as applicable) except for parity where it was shown as median (range).

Predicators for obesity
-----------------------

Women job (housewives vs. employees) was not significantly associated with obesity in multivariate analyses. Obesity was positively associated with age, i.e those who had age ≥ 27.2 years vs. those of age \< 27.2 years (OR = 1.2, 95% CI = 1.0-1.1; *P*\< 0.001), and with women\'s education of ≥ secondary level vs. education \< secondary level (OR = 1.8, 95% CI = 1.2-2.7; *P*= 0.001) in both univariate and multivariate analyses. Obesity was positively associated with parity in univariate analyses only (OR = 1.1, 95% CI = 1.0-1.2; *P*= 0.02), table [2](#T2){ref-type="table"}.

###### 

Factors associated with obesity among term pregnant women in Khartoum hospital, Sudan using univariate and multivariate analyses

  Variable                                                      Univariate analyses   Multivariate analyses                                         
  ------------------------------------------------------------- --------------------- ----------------------- --------------- -------- ------------ ---------------
                                                                **OR**                **95% CI**              ***P*-value**   **OR**   **95% CI**   ***P*-value**
                                                                                                                                                    
  Age, ≥ 27.2 vs. \< 27.2 years                                 1.3                   1.0-1.3                 0.1             1.2      1.0-1.1      \< 0.001
  Parity                                                        1.1                   1.0-1.2                 0.02            0.7      0.5-1.0      0.1
  Women\'s education ≥ secondary level vs. \< secondary level   2.2                   1.6-2.9                 \< 0.001        1.8      1.2-2.7      0.001
  Job, housewife vs. Employees.                                 1.2                   0.9-1.5                 0.06            0.7      0.5-1.0      0.08

Abbreviations: OR, Odds Ratio; CI, confidence interval.

Discussion
==========

This is the first published data concerning the epidemiology of underweight overweight and obesity among term pregnant women in Sudan. The main findings of the study were; the high prevalence (19.4%) of obesity among these women and obesity was positively associated with age, and with women\'s higher education. Recent reports from Bangladesh, Nepal, and India showed that, the prevalence of overweight-obesity in women of reproductive age has risen between 1996 and 2006 and overweight-obesity was positively related to age \[[@B1]\]. In neighboring Tanzania, the prevalence of obesity among pregnant women rose steadily and progressively from 3.6% in 1995 to 9.1% in 2004, obesity was positively associated with age, parity, and socioeconomic status and inversely with HIV infection \[[@B7]\]. However, these data should be compared cautiously because of the methodological differences. In the later studies these were the national surveys data and antenatal care data while in ours, it is the hospital - based data among parturient women. Interestingly in Tanzanian data the influence of HIV on underweight was obvious. HIV infection has become more prevalent and must now be considered as a possible etiological factor for malnutrition among pregnant women in Sub-Saharan Africa. Yet, for ethical reasons we could not investigate HIV among these women. Previously we have shown that pregnant women in central Sudan had a low HIV prevalence and they were poor uptakes for HIV testing and counseling \[[@B8],[@B9]\]. It is necessary to point to the limitation of using anthropometric measurements taken during pregnancy. Unlike measurements before pregnancy, these measurements are liable to changes; unfortunately pre-pregnancy measurements can seldom be taken in Africa, where women commonly present to health facilities only when they are advanced in pregnancy. In Brazil, weight change associated to reproduction was highly dependent on BMI before pregnancy \[[@B10]\].

Educational level was associated with higher prevalence of overweight-obesity in Bangladesh, Nepal, and India \[[@B1]\] as well as in this study. This is may be the result of shifts from manual labor to more sedentary occupations and the related decline in physical activity. Although, there is no published data on physical activity among Sudanese women, there is evidence that sedentary lifestyles are becoming more common among urban Indian women \[[@B11]\]. Furthermore, the cultural perception toward weight and body image may be different in the different setting; e.g. obesity could be perceived as a sign of prosperity as opposed to the stigma that exists in some developed societies \[[@B12]\].

In the current study, obese pregnant Sudanese women had higher parity and parity was associated with obesity in univariate analyses but this association disappeared in multivariate analyses. This indicated that parity was a confounder in this study. Recently parity was associated with increased waist circumference and other anthropometric indices of obesity in a sample of rural Iraqi women attending two primary health care centers \[[@B13]\]. Likewise, in neighboring Tanzania obesity was positively associated parity \[[@B7]\].

Recently Villamor and colleagues (2006) observed that obesity was positively associated with socio-economic status among Tanzanian pregnant women \[[@B7]\]. In chilly marital status, employment and smoking were associated with obesity \[[@B14]\]. Smoking and the use of alcohol and other substances are not common among Sudanese women and all women who presented in this study were married. These factors have not been investigated, because they are difficult to investigate and may be considered as confounders in our study. Sudan is the largest African country with 40 million inhabitants with various cultural and social backgrounds that make it difficult to investigate the socio-economic status among these pregnant women. Moreover body weight (specially obesity) could be predicted by many other important factors apart from those included in the study, like family history, some endocrinal disorders (Cushing and Hypothyroidism), and nutritional habits. For technical and fund constrains, It was difficult to investigate all of these factors in this work.

Conclusion
==========

In summery these are hospital- based data which may not represent what is going in the community. Women tend to present to the hospital when they have complications. The high prevalence of obesity in these pregnant women represents a competing public health problem in Sudan. More research is needed in the area of maternal and perinatal outcomes of obesity during in this setting.
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